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DISCLAIMER

This document was prepared as an account of work sponsored by an agency of
the United States Government.  Neither the United States Government nor the
University of California nor any of their employees, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or the University of California.  The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or the University of California, and shall not be used for advertising
or product endorsement purposes.
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NSCAT: A CODETO OBTAINCHARGEDPAFTICLENUCLEAR(PLUS~CE)
>

DIFFERENTIALSCATI’ERINGCROSSSECTIONSFROMEXRNMNTAL DATA

Abst~act

Given the experimmtaldhargedparticletotalelasticscattering

differential.crosssection,NSCAT subs~cts off the Coulonbcomponent

to obtainthe nuclear(plusinterference)component.This rePoti

describesthe equations,inputand outputfor the code.

Introduction

Giventhe experimentaldifferentialelasticscattering cross

sectionfroma chargedparticleinducedreaction,NSCATsubtracts off

the Coulonbccmponentto yieldthe nuclear(plusinterference)term.

At the p~sent time,likeparticlescan only be

to unity,althoughthe extentionto higherspin

straightforward,

treatedwith spinsup

valuesappearsto be

Bothtie scatteringreactionsx(y,y)xand y(x,x)yare calculated

and a outputdisc fileof the resultscan be made in the extendedECSIL

formlt.1

BasicRelations

1) consideran incidentparticle(subscript1) elastically

scatteredby a specifictargetnucleus(subscript2). Furthezmme,

define
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Z = Chargenumber

A= atomicweight (amu)

E= incidentparticleene~ in the lab (L)system(MeV)

n = cosineof the centerof mass (00 systemscatteringangle

and

e4 = 2.07323X 10-2 MeV2b

e2 = 0.15750
e

K $“

The Coulcnibcrosssections(b/sr)

unlikeparticles(Rutherford)

. 2.07323X 10-2

: 4

likeparticles(subscriptdenotes

da - 2.07323X 10-2T- .
‘o

da—. = 2.07323X 10-2

51/2

da
—+ = 2.07323X 10-2

‘1

where

in the CM systemthenmy be writtenasz:

Z:Z; ~+A22 ~
E2 ()T (1- rl)2

.

spin,J)

L

‘1
[

1+1
~

1
+ 2y

(1- 11~2 (1 + rl)2

2

[

1+1‘1 — -Y
~ (1 - rl)2 (1 + q)* 1

Z2
1

[ 1

1 + 1 +$2,

~
(1- rl)2 (1+ T#

, (1)

, (2)

, (3)

, (4)
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~. J’=’”+f++ .
(1 - T-l*)

2) The Coulcd bamier energyin the CM systemis definedby

2

‘CM
= z1z2g ,

(5)

wherewe have takenR =

appmbtion for light

1’3)an which is only m1.23 X 10
-12 ( 1/3 + ~2

%

particles. The @il.cabbarrier~ergy in the

L systemis then equalto ‘L ‘ (Al + ~) Ba/A2 ~ or

()

%+A2
= 0.117063 —

‘1’2

%
Mev .

‘2 (#3 +#3)

(6)

(7)

3) Define 6’ and 0 as the scatter- angles in the CM and L frarEs,

respectively. ‘I’hen, if e and du/tiLare given,tie tmnsfo-tion to

the CM systemfor elasticscatteringis givenby:

(8)

sin2fl
~’

~s(e’ e) (9) ‘.
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4) Considernow the reactionin

now becoms the incidentparticleand

(subscript1) nw bee-s the ta~et.

Whichthe formertarget(subscript

the formerincidentparticle

severalcomnentscan be stated:

!

2)

e

or

a) The CM differentialcresssectionfor the scatte~d particle

is the sam for both of thesereactions.

b) The energydependenceof the omss sectionis explicitly

dependent~Y on tie ~lative ‘new’ ‘r- ‘fti w % ‘e

incidentkineticenergyin the L systemfor the casewhereA2 is

the incident~~cle~ we ‘iVe

‘2 %
Er = ~E=7p2w

w=
‘2 E
q

(10)

(11)

J.

Inputfor NSCAT

The inputfo-t (filename is INPUT)for NSCATis givenin Table I.

Thereis one type of inputoptionthat is used specificallyfor evalua-
-1

tionpurposesand requiresfurtherexplanation.Becauseof the (1 -
n)

singularity in the Coulo@ scatteri~ a@itude2, da/d for nuclear

(plusinterfe~nce)divergencesas q + 1. Hcwever,(1 -
?l)dcd~ ~ ~E(V)

3

is finiteand this fom is carriedin the evaluatedlibrw’Y,ENDLS
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sinceone desiresto spanthe entirerangeof cosines, .lsrls + 1.

Also,aE(rI)is outpk fmm NSCATand with this information,UE(-l)[or aE(0)

for likeparticles]and aE(+l)may be evaluatedfor a specificreactionas

a functionof incidentenergy. This informationmay thenbe inputto a

secondNSCATrun and the outputaE(rI)will then span -lsrIs+ 1 and can

be used directly,e.g., splinefits,to obtainevaluateddiffenntial

crosssections.3 Purthezmrn this informationrequiresthe ECSILincident

particledesignator’slwhich- listedbelcw:

IncidentParticle Particle
Designator

2 P

3 d

6 a
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TABLE I

NSCATInputIhta (DiscFile

Card’rype Column (Formt1 Parameter

Run card (oneper run)

1-3 (i3)

4-6 (i3) IP1

7-9 (i3) IP2

INPurl

Description

No. of problemsh run.

ECSIL outputoption:= O,
both X(y,y)Xand y(X,X)y
reactionson output;= 1,
only x(y,y)x reactionon
output; = 2, lwest ZA is
incidentparticleon output.

No. of reactionsfor which
~E(-l) [or ~(o) for like
particles]and ~(l) inputin
interpolationtables.= O, no
tablesinput (20max). Use
this optiononlywhen IP1 = 2.

InterpolationTablescards (2A IP2 tablesper reaction)

Paramter 1-2 (i2) KYI ECSILincident
designator.

particle

3-8 (i6) ZA nunberof target(1000Z + A).

9-11 (i3) No. of energy-c/s pairsin
this table.

12 (ii) KCOS Cosine Flag: = O, cosine
is -1 (orO for likeparticles);
= 1, cosineis 1.

13 (ii) KLIKE Likeparticleflag:= O, unlike
particles;= 1, likeparticles.

cPs Data 1-10 CE1O.3) EI
(KTm CaRls)

Energy (MeV). Must be in
increasingOrder.

11-20 (E1O.3) SIGI Cresssection(b/sr).
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RepeatInt~lation Tablescardsfor secondcosinefor thisreaction.
9

RepeatInterpolationTablescardsfor all IP2 reactions.

_fiblemcards(ITOTsetsper run)

8 Parameter 1-3 (i3)

4 (il)

5 (ii)

6 (ii)

7-13 (i7)

14-24 (En.4)

Particles 1-11 (E1l.4)

12-22 (E1l.4)

23-33 (E1l.4)

34-44 (En.4)

45-55 (E1l.4)

56-66 (E1l.4)

C/S Data 1-11 (E1l.4)
(JTm cards)

12-22 (E1l.4)

23-33 (E1l.4)

JTm

IAOPT

IFOPT

IEOPT

AsPIN

E

DELE

Z1

Al

Z2

A2

ETA

SIG

DELSIG

No. of angle,C/S pairs
(125max.).

Angleoption:= O is cos input;
= 1 is degreesinput.

Referenceframeoption:= O is
CM input;= 1 is L input;
❑ 2 is CMratio to Coulcmbinput.

DeltaC/S erroroption:= O is
absolute(barns);= 1 is percent.

Yr (2 digits)and ref.no.
(5 digits).

Particlespin.Onlyread in for
identicalparticles.ASPIN~ 1.

Incidentenergy(MeV).

Incident ene~ sp=d (MeV).

IncidentparticleZ.

IncidentparticleA.

TargetZ. Onlyread in for
unlikeparticles.*

TargetA. Onlyread in for,
unlikeparticles.*

Angle.

Total scatteringC/S (barns/sr).

DeltaC/S.

*
Note:If Z1=Z2, M.=A2, independent
is calculatedas Rutherfordonly.

of the valueof IFOFTutilized,Coul@
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Outputfmm NSCAT

OutputfranNSCAT is an HSP fileas well as threeotherfiles,

ECSILOUT,ECSILQUT1,and ECSILOUT2. The HSP outputcontains,for a given

problem,inputspecifications,p~te= for both the x(y,y)x and the

y(x,x)yscatteringreacticns,and the total,Coulcmib,and nuclear(plus

interference)

be notedthat

scatteringcrosssectionsfor a

the cresssectionerroron both

givenCM cosine. It should

componentsis equalto the

statederroron the totalscatteringcrosssection.

The otherthreefilescontaincresssectiondata in the extaded

lXXIL format:

FileNam ECSILC No. Description

ECSI~ 2 Totalscatteringdifferential
crosssections. Unaffectedby
eitherIP1 or IP2 options.

ECSILOUT1 8 Nuclear plus interference differenti~
CZQSS sections.

ECSILOUI’2 9 (l-rI)timesthe crosssectiondata in
ECSILOUT1.

Note that in both theselasttwo files,if likeparticlesare involved,

the data is all placedin the forwardhemisphe~, i.e., O ~~ ~ 1.
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